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ABUNDANCE OF AND FLORAL HERBIVORY ON EXOTIC BULL THISTLE
VERSUS NATIVE TALL THISTLE IN WESTERN TALLGRASS PRAIRIE
CHAD P. ANDERSEN, School of Biological Sciences, University of Nebraska, Lincoln NE
68588-0118, USA
SVATA M. LOUDA, School of Biological Sciences, University of Nebraska, Lincoln NE 68588-0118,
USA
Abstract: An important, yet poorly quantified mechanism to explain the failure of some exotic species
to increase and spread is that indigenous natural enemies provide ecosystem resistance to invasiveness.
To evaluate this idea, we hypothesized that spillover of native thistle-feeding floral insect herbivores
onto Eurasian bull thistle (Cirsium vulgare) from the prairie native tall thistle (C. altissimum) helps limit
bull thistle population growth and spread throughout the western tallgrass prairie region in Nebraska. To
test this hypothesis, we quantified both the occurrence of bull thistle, a known invasive species
worldwide, and the floral herbivory on it by native insect herbivores in relation to occurrence and floral
herbivory on tall thistle across the region. We quantified plant occurrence by recording presence/absence
of each thistle in 1600 m x 30 m (0.1 mile x ~100 ft) quadrats along four radiating 16 km (10 mile)
transects at nine sites stratified across three longitudes and three latitudes that span the range of tallgrass
prairie in eastern Nebraska. For flowering bull thistle plants, we recorded distance to the nearest tall
thistle, along with size, reproductive effort, and floral damage for both thistles. Bull thistle occurred in
<1% of all quadrats, while tall thistle occurred in >20%. Although plant size, reproductive effort, and
insect floral herbivory varied significantly among the nine sites, no strong patterns occurred with
longitude or latitude for either thistle. These results suggest that thistle occurrence and growth in this
region are not controlled by geographic variation in large-scale physical or climatic variables. Floral
herbivory on both species was high, with a tendency to be lower in the north. The proportion of flower
heads damaged was as high, and sometimes higher, on bull thistle (68 – 83%) as on native tall thistle (64
– 78%). Herbivory on flower heads of bull thistle increased with plant proximity to a flowering adult of
native tall thistle. The results of this study provide strong support for both the ecosystem resistance
hypothesis and the spillover hypothesis as important in limiting abundance of this potentially invasive
plant in the western tallgrass prairie region.
Proceedings of the North American Prairie Conference 20:33-50
Key words: Cirsium, ecological resistance, floral herbivory, insect herbivory, invasion, invasive plants,
natural enemies, predispersal seed predation, spear thistle, tallgrass prairie, thistles, weeds

Invasive exotic plant species can threaten both
the productivity of grazing lands and the integrity
of vegetation in natural areas (Mooney and Drake
1986, Drake et al. 1989, Pimentel et al. 2000,
National Research Council 2002). Understanding
the invasiveness of exotic species requires
information on the factors that constrain versus
facilitate plant population growth in new

environments. Several hypotheses have been
proposed to explain limitation of population
growth and spread of exotic species in areas where
they have not reached invasive levels. The
“physical constraints hypothesis” suggests that
growing conditions in the new area preclude
population growth and spread (National Research
Council 2002). The “missing mutualist hypothesis”
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suggests lack of required mutualistic partners, such
as pollinators or mycorrhizae, hampers population
growth in new regions (Simberloff 1986). The
“ecosystem resistance hypothesis” suggests that
native species impose demographic constraints on
population growth and spread (Daily 1997, Mack
1996, Maron and Vila 2001, Louda and Rand
2002). For potentially invasive plant species,
ecosystem resistance can be imposed by at least
two different mechanisms: competitive interference
by native vegetation (Mack 1996), or attack by
native species that act as natural enemies (Daily
1997, Maron and Vila 2001).
Ecosystem resistance by native herbivores,
either generalists or pre-adapted specialists from
native plant relatives, is a potentially important,
though still relatively understudied mechanism for
limited invasiveness of some exotic plants (Mack
1996, Maron and Vila 2001). One case where such
natural enemy resistance to invasiveness has been
suggested is that of Cirsium vulgare (bull or spear
thistle) in the western tallgrass prairie region of
eastern Nebraska (Louda and Rand 2002). This
Eurasian thistle is a known invasive species on
several continents, including Australia, New
Zealand and South Africa, as well as in other
portions of the USA (Julien and Griffith 1998). In
the central USA, it is listed as a noxious, invasive
agricultural weed in eight states, including in three
of the five states that border Nebraska (U.S.
Department of Agriculture, Natural Resources
Conservation Service 2001). Yet, bull thistle in
eastern Nebraska appears to be generally sparse,
even after more than 100 years of recorded
occurrence (McCarty et al. 1967; M. Coffin,
Nebraska Weed Board, personal communication,
17 March 2004).
In the tallgrass region of eastern Nebraska, bull
thistle is observed primarily as scattered
individuals, with dense stands occurring only in
heavily grazed, highly disturbed areas (personal
observation). Two lines of evidence suggest that
ecosystem resistance by natural enemies may help
explain this observation. First, insects impose
significant seed losses on flowering bull thistle
plants, at least in southeast Nebraska (Louda 1999,
Louda and Rand 2002, Young 2003). Second, a
potential source of specialist insect herbivores
occurs throughout the region – the closely related,

phenologically-synchronized native tall thistle
(McCarty et al. 1967). Tall thistle supports
numerous, pre-adapted thistle-feeding insects as
well as multiple, more generalized herbivores like
grasshoppers (Guretzky and Louda 1997, Jackson
1998, Takahashi 2006).
Insect floral herbivores, feeding on and in the
developing flower heads of thistles, have been
shown to limit thistle seed production (Louda et al.
1990, 1992, Louda and Potvin 1995, Jackson 1998,
Maron et al. 2002), including that of bull thistle
(Louda and Rand 2002, Young 2003) and tall
thistle (Jackson 1998, Young 2003). However, the
data currently available on the rates of insect floral
herbivory on bull thistle in this region are limited
to Lancaster County, in the southeastern part of the
Nebraska tallgrass prairie region (Jackson 1998,
Louda 1999, Louda and Rand 2002, Young 2003).
We found no published data that quantify the
occurrence or magnitude of floral herbivory on bull
thistle, or on its native congener, tall thistle across
the tallgrass region. Such evidence is required for
the ecosystem resistance hypothesis to be
important in helping explain the apparently low
current level of invasiveness observed for bull
thistle in this region. Consequently, we studied bull
thistle occurrence and its interactions with floral
insect herbivores, compared to tall thistle and its
interactions, throughout the western tallgrass
region in Nebraska (Fig. 1).
The study had three specific aims. The first aim
was to quantify occurrence, plant performance
(size, reproductive effort), and evidence of floral
herbivory for both bull thistle and tall thistle across
the region. The second aim was to evaluate the
physical constraints and ecosystem resistance
hypotheses for bull thistle on the regional scale
across the western tallgrass prairie. The third aim
was to evaluate the hypothesis of natural enemy
spillover from tall thistle as a determinant in the
level of insect floral herbivory on bull thistle in
local patches and, so, the magnitude of ecosystem
resistance provided by natural enemies.
Thus, we asked: 1) what is the frequency and
relative occurrence of bull thistle, compared to the
native tall thistle, throughout Nebraska tallgrass
prairie?; 2) does plant performance vary
systematically with physical environment with
longitude or by latitude across the region?; and,
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Fig. 1. Map of Nebraska vegetation, showing the tallgrass prairie region in the eastern one-third of the state, and the GPS
locations with Nebraska highway designations for each of the nine geographically-stratified study sites (+) across three
longitudes and three latitudes across that tallgrass prairie region.
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3) does evidence of insect floral herbivory on bull
thistle vary predictably with geographic position or
with plant proximity to native tall thistle? Evidence
to address these questions is fundamental to an
evaluation of both the physical constraints
hypothesis and the ecosystem resistance
hypothesis, along with its component hypothesis of
spillover from a related native plant, in explaining
the observed low population densities and low
population growth of the generally invasive bull
thistle in the western tallgrass prairie region.
STUDY REGION
Sampling was stratified across the eastern onethird of Nebraska, USA., an area that represents the
longitudinal and latitudinal range of western
upland tallgrass prairie within the state (Fig. 1,
Kaul and Rolfsmeier 1993). The longitudinal
transects represented two major natural formations:
the Great Plains formation to the west and center
longitudes sampled, and the central lowlands
formation to the east (Weaver 1968). The Great
Plains formation, composed of loess hills in a
somewhat dissected loess plain, has highly
productive soils (Bailey 1995). The central
lowlands formation in the east, composed of gently
rolling plains formed of loess, has prairie steppe
vegetation with deciduous forest near streams and
rivers (Bailey 1995).
The climate of the tallgrass region in Nebraska
is mid-continental, with wide seasonal variation in
temperature and precipitation. Temperatures in this
tallgrass region average –2 0C in January to 26 0C
in July (Lawson 1977). Precipitation is variable
across the region, increasing from northwest to
southeast (56 cm to 86 cm), with approximately
75% occurring during the 130 – 170 day growing
season in April – September (Lawson 1977).
The western tallgrass prairie is dominated by
tall grasses: big bluestem (Andropogon gerardii),
switch grass (Panicum virgatum), blue grama
(Bouteloua gracilis), and side oats grama
(Bouteloua curtipendula) (Weaver 1968). In eastern
Nebraska, heavily grazed pastures are dominated
by introduced cool-season grasses, such as
Kentucky bluegrass (Poa pratensis) and smooth
brome (Bromus inermis), at the expense of the
native warm-season grasses (Weaver 1968).

NATURAL HISTORY
Bull thistle is a short-lived, monocarpic,
perennial herb that is native to Eurasia that is
widely distributed throughout Europe (Klinkhamer
and de Jong 1993) and now North America (U.S.
Department of Agriculture, Natural Resources
Conservation Service 2001). Specimens from
eastern Nebraska were collected in the 1890s (Kaul
et al. 2006). Bull thistle now occurs in roadsides,
old fields, and waste places; it does not withstand
intensive cultivation (McCarty et al. 1967).
Occurrence of bull thistle in pastures is considered
an indicator of severely grazed land, where it
establishes in disturbances (Bulloch et al. 1994).
Reproduction of bull thistle is solely by seed.
Juvenile individuals generally form a rosette with
rough, slightly pinnate leaves (McCarty et al.
1967). Once a rosette grows to flowering size, the
mature plant bolts by producing a flowering stem
(30 – 200 cm tall) that has multiple flowering
branches (Brooks 1986). Flowering occurs from
late July into early October (Brooks 1986). The
average number of large, seed-producing flower
heads that matured in the Netherlands varied from
6 - 10 heads per plant (Klinkhamer 1993);
however, in Nebraska plants matured 16 - 26
flower heads (see results) after initiating up to 85 100 (Louda 1999, Young 2003). Seed production
varies from 0 to around 200 seeds per mature
flower head (Klinkhamer and de Jong 1993; Louda
and Rand 2002). Management of thistles within
crops is part of general weed control (mechanical
or chemical), and within pastures is usually by
spot-spraying.
Tall thistle also is a short-lived, monocarpic,
perennial herb, but it is native to the eastern Great
Plains of North America, USA (Brooks 1986). Tall
thistle is the most common native thistle in eastern
Nebraska, occurring in small patches along
roadsides and in waste places, especially on noncultivated land where soil drainage is poor
(personal observation). It also does not withstand
cultivation (McCarty et al. 1967).
Tall thistle reproduces solely by seed. Juvenile
individuals generally form a single rosette with soft
leaves that are entire to somewhat dissected, with
sparse short marginal spines (McCarty et al. 1967).
Once a rosette grows to flowering size, the mature
xxx
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plant bolts by producing a flowering stem (70 –
340 cm tall) that has multiple flowering branches
(Lym and Christianson 1996). Flowering occurs
from late July into October (Brooks 1986). The
average number of heads that mature seed in
eastern Nebraska reported previously was 10 – 14
per plant (McCarty et al. 1967), but averaged 18 –
30 in this study (see results). Individual tall thistle
plants in moist soils in Lancaster County can
initiate over 200 flower heads (Jackson 1998). The
number of viable seeds per flower head varied
from 0 to 200 in Lancaster County (Jackson 1998,
Louda and Rand 2002). This plant is not
considered a problem weed (McCarty et al. 1967,
M. Coffin, Nebraska Weed Board, personal
communication, 17 March 2004).
Both thistle species occur in disturbances and
appear relatively unpalatable to cattle. The
American goldfinch and other seed-feeding
passerine birds, however, feed on their seeds or use
the pappus as nest material. In Europe, rabbits
sometimes feed on bull thistle leaves (Klinkhamer
and de Jong 1993). In the tallgrass prairie region in
Nebraska, common insects collected feeding on the
foliage of both thistles include multiple
grasshoppers and a variety of moth larvae
(Takahashi 2006). Such foliage-feeding insects can
inflict significant levels of damage. For example,
growth and survivorship of juvenile tall thistle
rosettes were reduced by insect foliage herbivory
(Guretzky and Louda 1997). Moreover, the very
high levels of insect damage inside developing
flower heads, associated with moderate external
evidence of feeding, led to high seed losses (70 –
98% of initiated) in southeastern Nebraska
(Jackson 1998, Louda 1999, Louda and Rand
2002). The extent of floral herbivory in the rest of
the Nebraska tallgrass region has not been reported
previously.
MATERIALS AND METHODS
Data Collection
We located nine 32 km x 32 km (20 mile x 20
mile) sampling sites approximately equidistant
along three longitudinal transects (west, center and
east) and three latitudinal ones (north, mid, south)
through the western tallgrass prairie of eastern
Nebraska (Fig. 1). These sites provided three
replicates for each of the three longitudes and each
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of the three latitudes covering the range of tallgrass
prairie in Nebraska. Our criteria for site selection
were: 1) an intersection with small rural (gravel)
roads in both north-south and east-west directions
(at least 75% gravel), and 2) relatively broad,
minimally mown roadsides.
At each site we placed four replicate transects
(16 km x 30 m wide [10 miles x ~100 ft]),
emanating north, east, south and west from the
intersection (Fig. 1). On each transect, we searched
both sides of the road to quantify thistle
occurrence, performance, and insect floral
herbivory 20 August – 19 September 2000. To
quantify the occurrence of both exotic bull thistle
and native tall thistle, we recorded presence/
absence of each thistle in large quadrats; these
were: ~160 m long (0.1 mile) x ~30 m wide (~100
feet), with ~15 m [~50 ft] on each side of the road
(N = 100 quadrats per transect, 4,800 m2/quadrat,
400 quadrats per site). The main roadside weed
management observed along these rural roads was
mowing (~2 m [~6 ft]) immediately adjacent to the
road. The accuracy of the occurrence data
(presence/absence) should not be affected by such
roadside management for at least two reasons.
First, the uncultivated rural roadsides surveyed
were wider than 2 m on average. Second, each
quadrat was very large (4,800 m2), making the
probability of detection high if either thistle was
present. Further, roadside mowing should affect
presence of both thistles, eliminating a
management effect bias on comparison between the
two thistle species.
To quantify plant performance and insect floral
herbivory at each site, we returned to where bull
thistle was observed and searched extensively
using an all-terrain vehicle to find flowering plants
(N = 6 – 24 plants were found per site, constrained
by the availability of bull thistle; N > 10 except in
the northwest and middle-eastern sites). All of
these plants were in areas with > 85% unmown
vegetation. We numbered and measured each
flowering (adult) bull thistle individual located.
First, we measured stem height (cm) as an indicator
of plant size. Stem height was measured from the
root crown to the base of the terminal flower head.
Second, we counted the total number of flower
heads initiated (> 5 mm diameter), including
immature and aborted ones, since many heads stop
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developing when damaged at all by insect feeding
(Louda and Potvin 1995, Louda and Rand 2002).
Since sampling occurred at the end of the growing
season, this count provided a whole season, lifetime estimate of reproductive effort (both thistles
die after flowering).
Third, we quantified insect attack. External
evidence of insect feeding on each head was
scored, using a scale of 0 – 4 (modified from Bevill
et al. 1999). The scale was: 0 = undamaged; 1 = 1 5% of the external area of the head damaged; 2 = 6
- 20% of the external area damaged; 3 = >20% of
the external area damaged; and, 4 = more severe
injury (>20% area damage and/or evidence of
meristem boring, severe stem-mining that
compromised the viability of the flower head, or a
large hole into the head. This field measure, which
is significantly faster than dissection, is correlated
with internal destruction of seed, but
underestimates the absolute magnitude of it
(Jackson 1998, Louda and Rand 2002); however, it
allows more data on frequency of attack to be
collected. We also measured distance to the nearest
neighbor flowering native tall thistle (to the nearest
0.5 m). Each tall thistle neighbor was also
numbered, and measured as above.
Data Analyses
Thistle occurrence by longitude and by latitude
across the range of tallgrass prairie in Nebraska
(Fig. 1) was analyzed using two-way analysis of
variance of the thistle frequencies per transect (N =
3 sites per longitude or latitude, 4 transects per site,
with 100 160 m x 30 m quadrats per transect) for
bull thistle and for native tall thistle. Frequencies
were calculated as the proportion of the 160 m x 30
m quadrats that had thistles observed, by species.
Variation in plant size (stem height, cm) and in
reproductive effort (total heads initiated per plant)
was analyzed for both bull thistle and for its nearest
tall thistle neighbor, using two-way analysis of
variance by longitude and latitude.
For floral herbivory, we analyzed variation in
floral herbivory by longitude and latitude using
two-way analysis of variance. We examined three
estimates of floral herbivory: number and
proportion (arcsine-transformed) of flower heads
damaged, and mean flower head damage score per
xxx

plant (calculated as the sum of individual flower
head scores divided by the total number of heads).
We also examined the relationship of each estimate
of floral herbivory to plant height (size) and
reproductive effort. Finally, we used linear
regression analysis to ask if floral herbivory varied
with bull thistle proximity to tall thistle. All
analyses were done using a GLM model analysis of
variance or linear regression analysis with Systat
10.0 (Wilkinson 1999).
RESULTS
Thistle Occurrence and Relative Abundance
Exotic bull thistle occurrence was low, and
significantly lower than that of native tall thistle
overall, across all longitude and latitude
comparisons (Fig. 2). Out of the total 3,600 large
quadrats searched, 724 (20.1%) contained at least
one flowering thistle plant. However, while all 724
quadrats with thistles contained native tall thistle,
significantly fewer contained bull thistle (only 31
of 3,600 quadrats, 0.9 %; 1-way ANOVA: P <
0.001). Thus, bull thistle inhabited less than 1% of
the habitat sampled, and occurred in only 4.3% of
the quadrats that contained any thistles, across the
western tallgrass prairie region in Nebraska (Fig.
1).
No systematic geographic patterns of
occurrence were found with longitude or latitude
for either thistle across Nebraska tallgrass prairie
region (2-way ANOVA: P > 0.20). For exotic bull
thistle, for example, across longitudes it occurred
in 0.6%, 1.0%, and 1.0% of quadrats sampled from
west, center, and east longitudes, respectively (Fig.
2A). Across latitudes, bull thistle occurred in only
0.9%, 0.7%, and 1.0% of quadrants sampled from
north, middle, and south latitudes, respectively
(Fig. 2B). Thus, for bull thistle, neither longitude
nor latitude affected its frequency of occurrence.
For native tall thistle, we also found no
geographic pattern in its frequency of occurrence.
Across longitudes (Fig. 2A), tall thistle occurred in
19.3%, 18.7%, and 23.9% of the quadrats from
west, center and east longitudes, respectively.
Across latitudes (Fig. 2B), tall thistle occurred in
18.6%, 22.1%, and 21.2% of quadrats from north,
middle and south latitudes, respectively. While we
found no evidence of an effect of longitude or
xxxxx
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Fig. 2. Frequency of occurrence of both the exotic bull thistle (Cirsium vulgare) and the native tall thistle (C.
altissimum) in 0.16 km x 30 m (0.1 mile x ~100 feet) quadrats (4,800 m2/quadrat), by: (A) longitude and (B)
Fig. 2. Frequency of occurrence of both the exotic bull thistle (Cirsium vulgare) and the native tall thistle (C.
latitude, across
the western
tallgrass
region
Nebraska
Fig.
1: N = 9by:
sites,
siteand
was(B)32 km x 32
altissimum)
in 0.16 km
x 30 mprairie
(0.1 mile
x ~100infeet)
quadrats(See
(4,800
m2/quadrat),
(A) each
longitude
latitude,
thestratified
western tallgrass
region in Nebraska
N = 9 sites,
eachlongitude
site was 32(F
km2,27x =
320.843, P =
km [20 miles
x 20across
miles],
acrossprairie
the tallgrass
region). (See
For Fig.
bull1:thistle,
neither
km [20 miles x 20 miles], stratified across the tallgrass region). For bull thistle, neither longitude (F2,27 = 0.843, P
0.442) nor=latitude
(F 2,27 = 0.438,
P = 0.650) nor their interaction (P > 0.20) were significant in explaining bull
0.442) nor latitude
(F2,27 = 0.438, P = 0.650) nor their interaction (P > 0.20) were significant in explaining bull
thistle occurrence.
Similarly,
for tallforthistle,
neither
longitude
P ==0.207)
0.207)
latitude
thistle occurrence.
Similarly,
tall thistle,
neither
longitude(F
(F2,27
1.670, P
nornor
latitude
F2,27F =
2,27 ==1.670,
2,27 = 0.680,
P = 0.513)
nor their(Pinteraction
> 0.20)
were significant
in explaining
thistleoccurrence.
occurrence.
P = 0.513) 0.680,
nor their
interaction
> 0.20) (P
were
significant
in explaining
tall tall
thistle
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latitude, native tall thistle occurred significantly
more frequently than did exotic bull thistle (Fig. 2;
P < 0.001).
Thus, abundance of bull thistle was very low
throughout the Nebraska tallgrass prairie region,
consistent with anecdotal reports. Further, the
occurrence of bull thistle was much lower than that
of the co-occurring native tall thistle (Fig. 2). The
results for tall thistle suggest that at least 20% of
the roadside area sampled contained thistle habitat;
however, the majority of it had no evidence of the
potentially invasive bull thistle. Finally, no
systematic patterns of occurrence appeared for
either thistle species on the geographic scale across
the region.
Plant Size and Reproductive Effort
Overall, bull thistle plant size, measured as
stem height, and reproductive effort, measured as
total number of flower heads initiated per plant,
were similar to those of native tall thistle across the
region (Fig. 3A). Also, we found no systematic
longitudinal or latitudinal patterns in either of these
measures of plant performance for either bull
thistle or tall thistle (Table 1). However, both plant
performance variables varied significantly among
the nine sites across the region for both thistle
species (Table 1). For bull thistle, this was shown
by the significant longitude*latitude interaction in
both stem height and total flower heads per plant
(Table 1). For tall thistle, it was shown by the
longitude*latitude interaction in total flower heads
per plant (Table 1). No site-specific explanation for
this variation was evident in the underlying data.
Regional Variation in Insect Floral Herbivory
Evidence of insect floral herbivory was as high,
and sometimes even higher, on the flower heads of
exotic bull thistle as on those of the nearest native
tall thistle (Fig. 3B, C). The number and proportion
of flower heads per plant with evidence of insect
feeding were equal on the two thistle species (Fig.
3B). Also, the average external damage score for
bull thistle plants was comparable to that for its
nearest native tall thistle (Fig. 3C), and as high as
observed when significant internal seed losses were
quantified (Louda and Rand 2002). The one clear
difference was surprising — the number of
severely damaged flower heads (level 4+) was

consistently and significantly higher on exotic bull
thistle (Fig. 3C) than on the neighboring tall thistle
(Table 2C vs. 2G).
For bull thistle, although the number of
damaged flower heads varied significantly among
sites (longitude*latitude interaction: Table 2A), it
did not vary systematically by longitude or by
latitude (Fig. 4A). Similarly, the number of
severely damaged flower heads per plant (Table
2C) varied significantly among latitudes and
among sites (longitude*latitude interaction), but
not among longitudes (Table 2C). The strongest
geographic pattern for bull thistle occurred in the
proportion of flower heads damaged (Fig. 4B); the
proportion of heads damaged varied significantly
among longitudes, as well as among latitudes, with
higher levels along the west longitude and along
the mid latitude (Table 2B). Finally, the average
level of damage per flower head per plant varied
among sites (longitude*latitude interaction: Table
2), but without any systematic pattern in the
variation east-to-west or north-to-south (Fig. 4).
For tall thistle, the measure of floral herbivory
that showed the most geographic variation was the
number of damaged flower heads per plant (Fig.
4A), which varied significantly among longitudes
and among latitudes (Table 2E). The center-south
site had much lower levels of herbivory than did
the other sites (Fig. 4A). Consequently, the number
of damaged heads on tall thistle varied significantly
among the nine sites overall (longitude*latitude
interaction: Table 2E). The proportion of tall thistle
flower heads damaged per plant (Fig. 4B) varied
among sites (significant longitude*latitude
interaction), but not systematically along any
geographic gradient (west-to-east or north-tosouth: Table 2F). Finally, the number of severely
damaged flower heads and the average damage
score per plant did not differ significantly among
longitudes, latitudes, or sites (Table 2G, H).
Influence of Plant Traits and Native Neighbor
Proximity on Bull Thistle Floral Herbivory
The number of bull thistle heads damaged by
insect feeding was strongly related to plant size
(stem height) and to reproductive effort (total
flower heads initiated) (Fig. 5A,C). The same
strong relationships were also observed for the
native tall thistle (Fig. 5B,D). Total heads per
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Fig. 3. Variation in: (A) plant performance for each thistle species (exotic bull thistle, Cirsium vulgare; native tall
thistle, C. altissimum), represented by stem height and total number of flower heads (> 5 mm) initiated per plant;
and insect floral herbivory, as (B) number and percent damaged flower heads per plant; and, (C) number of flower
heads with the most severe external evidence of damage [score = 4] and the average damage score over all heads
per plant, which was comparable to levels observed when internal damage significantly reduced seed production
(Louda and Rand 2002), in the Nebraska tallgrass prairie region. Bars indicate least square means + 1 SE.
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Table 1. Plant traits (LS mean, SE) for exotic bull thistle (Cirsium vulgare) and native tall thistle (C.
altissimum), by longitude and latitude in western tallgrass prairie (see Fig.1).
Longitude
Latitude

West

Central

East

Overall

A. Bull Thistle Stem Ht. (cm)1
North
Mid
South
Overall

63.1 (7.35)
69.2 (5.20)
66.3 (5.43)
66.2 (3.50)

54.5 (5.69)
75.5 (4.81)
71.6 (3.68)
67.2 (2.77)

72.5 (4.03)
72.5 (4.03)
63.0 (4.99)
62.8 (3.01)

63.4 (3.38)
65.9 (3.17)
67.0 (2.75)
65.4 (3.10)

B. Bull Thistle Heads/Plant2
North
Mid
South
Overall

22.3 (3.63)
25.1 (2.57)
24.5 (2.68)
24.0 (1.73)

18.5 (2.81)
26.1 (2.38)
24.7 (1.81)
23.1 (1.37)

26.2 (1.99)
16.0 (3.14)
21.3 (2.46)
21.2 (1.49)

22.3 (1.67)
22.4 (1.57)
23.5 (1.36)
22.7 (1.53)

C. Tall Thistle Stem Height
North
Mid
South
Overall

(cm)3
62.2 (5.01)
72.2 (3.55)
78.9 (3.70)
71.1 (2.39)

68.3 (3.88)
69.1 (3.28)
69.5 (2.51)
69.0 (1.89)

74.4 (2.75)
73.0 (4.34)
70.8 (3.41)
72.8 (2.06)

68.3 (2.30)
71.4 (2.17)
73.1 (1.87)
70.9 (2.11)

D. Tall Thistle Heads/Plant4
North
Mid
South
Overall

22.0 (2.60)
25.8 (1.84)
30.4 (1.92)
26.0 (1.24)

29.1 (2.02)
23.5 (1.70)
18.0 (1.30)
23.5 (0.98)

29.0 (1.42)
25.6 (2.25)
23.2 (1.77)
25.9 (1.07)

26.7 (1.20)
25.0 (1.12)
23.9 (0.97)
25.2 (1.10)

1

Longitude F2, 109 = 0.595, P = 0.554; Latitude F2, 109 = 0.350, P = 0.705; Longitude*Latitude F4, 109 = 4.071,
P = 0.004

2

Longitude F2, 109 = 0.858, P = 0.427; Latitude F2, 109 = 0.215, P = 0.807; Longitude*Latitude F4, 109 =3.227,
P = 0.015

3

Longitude F2, 109 = 0.927, P = 0.399; Latitude F2, 109 = 1.273, P = 0.284; Longitude*Latitude F4, 109 = 1.796,
P = 0.135

4

Longitude F2, 109 = 1.812, P = 0.168; Latitude F2, 109 = 1.688, P = 0.190; Longitude*Latitude F4, 109 = 6.220,
P < 0.001

thistle plant, representing the critical plant resource
for floral-feeding insects, explained 83.0% and
92.7% of the variation in number of damaged
heads per plant for bull and tall thistles,
respectively (Fig. 5C,D). The total number of bull
thistle flower heads did not help predict the
proportion of bull thistle heads damaged (P >
0.20), as it explained only 7.8% of the variance
observed.
Close proximity to tall thistle increased floral
herbivory on bull thistle. Distance from the nearest
tall thistle neighbor was significant in predicting
both the proportion of bull thistle flower heads
damaged (Fig. 5F), while explaining 60.5% of the
variation. The combined number of flower heads
on both bull thistle and its nearest neighbor tall
thistle (= total floral resources locally) was also a
strong predictor of the number of heads damaged
on bull thistle (Fig. 5E), explaining 75.8% of the
variation. Thus, increases in the level of insect
floral herbivory on exotic bull thistle were best

explained by increases in flower head resource
availability and decreases in distance to a flowering
tall thistle (Fig. 5A, E, F).
For tall thistle, the number of flower heads
damaged by insect herbivory was also related to
plant size and reproductive effort. The total number
of flower heads initiated by tall thistle explained
92.7% of the variation observed (Fig. 5D), with a
significant influence of plant stature as well (Fig.
5B). No relationships emerged among the variables
measured to explain either the frequency of
severely damaged heads (P > 0.25) or the average
level of external damage to heads (P > 0.59) for tall
thistle plants. Thus, insect floral herbivory on the
native tall thistle was best explained by flower
head resources availability for floral herbivores.
DISCUSSION
Our study across the geographic extent of the
tallgrass region in Nebraska (Fig. 1) found that
exotic bull thistle, Cirsium vulgare, occurrence
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Table 2. Floral herbivory (LS mean, SE) for exotic bull thistle and native tall thistle by geographic
position in the western tall grass prairie in eastern Nebraska (Fig. 1).
Longitude
Latitude

West

Central

East

Overall

A. Bull Thistle Damaged Heads per Plant1
North
16.7 (3.19)
Mid
20.4 (2.26)
South
20.3 (2.36)
Overall
19.1 (1.52)

13.8 (2.74)
21.1 (2.09)
16.7 (1.60)
17.2 (1.20)

20.0 (1.75)
13.2 (2.77)
16.0 (2.17)
16.4 (1.31)

16.8 (1.47)
18.3 (1.38)
17.7 (1.19)
17.6 (1.34)

B. Bull Thistle Percent Damaged Heads per Plant2
North
75.9 (2.6)
Mid
82.7 (1.9)
South
82.7 (0.9)
Overall
81.3 (1.1)

71.5 (1.8)
81.6 (0.9)
67.7 (3.7)
72.5 (2.1)

74.6 (2.2)
82.2 (1.8)
75.7 (2.6)
76.4 (1.4)

74.0 (1.4)
82.1 (0.8)
73.3 (2.2)
76.0 (1.1)

C. Bull Thistle Heavily Damaged Heads3
North
0.15 (0.07)
Mid
0.24 (0.05)
South
0.32 (0.05)
Overall
0.24 (0.03)

0.12 (0.06)
0.32 (0.05)
0.38 (0.04)
0.27 (0.03)

0.36 (0.04)
0.023 (0.06)
0.26 (0.05)
0.28 (0.03)

0.21 (0.03)
0.26 (0.03)
0.32 (0.03)
0.26 (0.03)

D. Bull Thistle: Damage Score per Head4
North
1.3 (0.23)
Mid
1.6 (0.16)
South
1.8 (0.17)
Overall
1.6 (0.11)

1.2 (0.18)
1.8 (0.15)
1.7 (0.12)
1.6 (0.09)

1.9 (0.13)
1.7 (0.20)
1.5 (0.16)
1.7 (0.09)

1.5 (0.11)
1.7 (0.10)
1.7 (0.09)
1.6 (0.10)

E. Tall Thistle Damaged Heads per Plant5
North
16.7 (1.92)
Mid
19.5 (1.36)
South
21.5 (1.42)
Overall
19.5 (1.39)

21.9 (1.49)
17.2 (1.26)
11.3 (0.96)
16.4 (1.20)

21.3 (1.05)
18.6 (1.66)
17.8 (1.30)
19.1 (1.33)

20.0 (0.88)
18.4 (0.83)
16.9 (0.72)
18.2 (0.80)

F. Tall Thistle Percent Damaged Heads per Plant6
North
75.5 (2.4)
Mid
75.4 (1.6)
South
70.9 (0.5)
Overall
73.7 (0.9)

74.8 (2.8)
73.5 (0.9)
64.2 (2.9)
69.1 (1.7)

73.5 (1.7)
72.3 (1.2)
77.6 (2.4)
74.6 (1.2)

74.2 (1.3)
73.9 (0.8)
69.4 (1.8)
72.1 (0.9)

G. Tall Thistle Heavily Damaged Heads7
North
0.14 (0.067)
Mid
0.20 (0.047)
South
0.17 (0.50)
Overall
0.17 (0.032)

0.23 (0.052)
0.16 (0.044)
0.32 (0.034)
0.24 (0.025)

0.22 (0.037)
0.26 (0.058)
0.21 (0.046)
0.23 (0.028)

0.20 (0.031)
0.20 (0.029)
0.24 (0.025)
0.21 (0.028)

H. Tall Thistle: Damage Score per Head8
North
1.4 (0.17)
Mid
1.4 (0.12)
South
1.3 (0.13)
Overall
1.4 (0.08)

1.5 (0.13)
1.3 (0.11)
1.5 (0.09)
1.4 (0.06)

1.4 (0.09)
1.5 (0.15)
1.4 (0.12)
1.5 (0.07)

1.4 (0.08)
1.4 (0.07)
1.4 (0.06)
1.4 (0.07)

1

Longitude F2, 109 = 0.930, P = 0.398; Latitude F2, 109 = 0.259, P = 0.772; Longitude*Latitude F4, 109 = 2.692,
P = 0.035

2

Longitude F2, 109 = 3.911, P = 0.023; Latitude F2, 109 = 6.555, P = 0.002; Longitude*Latitude F4, 109 = 1.109,
P = 0.356, using arcsine-transformed proportions

3

Longitude F2, 109 = 0.569, P = 0.568; Latitude F2, 109 = 3.642, P = 0.029; Longitude*Latitude F4, 109 = 4.988,
P = 0.001

4

Longitude F2, 109 = 0.313, P = 0.732; Latitude F2, 109 =2.131, P = 0.124; Longitude*Latitude F4, 109 = 3.565,
P < 0.009

5

Longitude F2, 109 = 3.327, P = 0.040; Latitude F2, 109 = 3.610, P = 0.030; Longitude*Latitude F4, 109 = 7.340,
P < 0.001

6

Longitude F2, 109 = 1.848, P = 0.162; Latitude F2, 109 = 1.274, P = 0.284; Longitude*Latitude F4, 109 = 3.733,
P = 0.007

7

Longitude F2, 109 = 1.599, P = 0.207; Latitude F2, 109 = 0.621, P = 0.539; Longitude*Latitude F4, 109 = 1.864,
P < 0.122, using arcsine-transformedproportions

8

Longitude F2, 109 = 0.508, P = 0.603; Latitude F2, 109 = 0.015, P = 0.985; Longitude*Latitude F4, 109 = 0.620,
P < 0.649
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Fig. 4. Effect of longitudinal and latitudinal position of thistles on the (A) number and (B) proportion of flower heads damaged per plant, for
both exotic bull thistle (Cirsium vulgare) and the nearest native tall thistle (C. altissimum), across the tallgrass prairie region of Nebraska.
Bars indicate least square means + 1 SE.
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was very low, and much lower than the occurrence
of the ecologically similar, native tall thistle (Fig.
2). These results provide quantitative support for
anecdotal reports that bull thistle numbers are
unexpectedly low in this region (McCarty et al.
1967, Louda and Rand 2002), given the species’
high invasiveness elsewhere (Julien and Griffith
1998) and the length of its recorded presence in the
region (> 100 years: Kaul et al. 2006).
The results eliminate the likelihood of several
hypotheses to explain the low level of abundance.
One hypothesis is that microsite availability limits
bull thistle regeneration. However, if we assume
that the presence of an ecologically similar native
thistle is an indicator of the availability of
microsites for thistle regeneration, then the results
suggest that microsites are available and not
limiting the bull thistle population. We observed
bull thistle in only 5% of the available thistle
habitat (1% of 20% of the large 160 m x 30 m
roadside quadrats with thistles) across all
longitudes and all latitudes across the western
tallgrass prairie region in Nebraska.
A second hypothesis for a mechanism limiting
the occurrence and invasiveness of bull thistle is
macroscale climatic constraints on plant growth
and reproduction, i.e., limited precipitation or
temperature extremes that prevent bull thistle from
becoming an invasive noxious weed in this region.
However, the plant performance –size (height) and
reproductive effort (total flower heads initiated) —
results suggest that climatic parameters, and their
variation within the region, are unlikely to explain
the relatively low occurrence of bull thistle. First,
individual bull thistle plants performed as well as
native tall thistles did, both overall (Fig. 3) and
across the region (Table 2). Second, the plant traits
that represent thistle resource availability for
specialist thistle floral herbivores did not vary
systematically across the geographic range of
tallgrass prairie in Nebraska. Thus, we would not
expect systematic variation in either plant density
or floral herbivory, and we found none. Bull thistle
occurrence was similarly low across the region
(Fig. 2). Also, floral herbivory – both occurrence
and levels — showed no systematic geographic
patterns (Fig. 4) on either bull or tall thistle. Bull
thistle plant performance was as high as that of the
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native thistle species, and similar to it over the
range of growing conditions in the tallgrass region.
A third hypothesis for population stasis of an
exotic plant species in its new environment is
ecosystem resistance to invasion by natural
enemies that limit viable seed production and, so,
seed regeneration probability (Maron and Vila
2001). The importance of natural enemies in
affecting plant performance and population
dynamics has been shown for several native thistles
(Louda et al. 1990, 1992; Louda and Potvin 1995;
Guretzky and Louda 1997; Jackson 1998; Bevill et
al. 1999; Maron et al. 2002). These studies showed
that insects often limit survival, growth, seed
production, or local regeneration and density, or
lifetime fitness of native thistles (Louda and Potvin
1995, Bevill et al. 1999), including tall thistle
(Guretzky and Louda 1997, Jackson 1998). Based
on data from one tallgrass site in Lancaster County
in southeastern Nebraska, where floral herbivory
was high on both exotic and native thistles, Louda
and Rand (2002) hypothesized that the cooccurring, phenologically similar, native tall thistle
supports a set of herbivorous insects that transfer to
and feed on the reproductive structures of bull
thistle in this region, significantly decreasing its
ability to regenerate and spread here.
In this study, we found that floral herbivory on
bull thistle was consistently as high, or higher,
across the whole region as that recorded for the cooccurring native, non-problematic tall thistle (Figs.
3, 4). These levels are associated with significant
internal damage and seed loss (Louda 1999, Louda
and Rand 2002). The native insects associated with
tall thistle, the most common native thistle species
in the western portion of the tallgrass prairie region
of Nebraska, also were the most common floral
feeders observed on bull thistle plants (Takahashi
2006). In addition, proximity to tall thistle
increased both the number and proportion of flower
heads of bull thistle damaged by thistle-feeding
floral insects (Fig. 5F). Thus, the data here from
across the geographic extent of the tallgrass prairie
in Nebraska provide critical support for the
ecosystem resistance hypothesis in helping explain
the low frequency and abundance of this known
invasive thistle in this region.
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Fig. 5. Floral herbivory on exotic bull thistle (Cirsium vulgare) and native tall thistle (C. altissimum) in relation to plant traits:
mean number of damaged flower heads per thistle plant in relation to stem height for (A) bull thistle and (B) tall thistle; in relation
to total number of heads (< 5 mm) initiated per plant for (C) bull thistle and (D) tall thistle, and in relation to the total number of
flower heads summed for on each bull thistle and its nearest tall thistle neighbor (E), representing total local flower head resource
availability; plus, the proportion of flower heads damaged on bull thistle in relation to its distance (m) from its nearest tall thistle
neighbor (F).
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Further, for bull thistle insect floral herbivory
showed no strong, systematic geographic trends,
despite significant site variation in the amount (Fig.
4) and intensity (Table 2) of insect feeding
observed. All four measures of floral herbivory on
bull thistle varied among sites across the region,
but not predictably with either longitude or latitude
(Table 2). An interaction between longitude and
latitude documented the significant variation
among sites in the numbers of damaged heads and
heavily damaged heads per plant, as well as in the
average damage per head on a plant (Table 2).
However, latitude was important in predicting the
proportion of flower heads damaged on a bull
thistle plant. Since the average distance of bull
thistle to its tall thistle neighbor increased from
west-to-east in the north and south latitudes, a
potential for an interaction across the geographic
region exists.
For tall thistle, however, two significant
geographic patterns in floral herbivory were found.
First, both longitude and latitude were significant
in defining the total number of flower heads
damaged by insects on tall thistle (Table 2).
Second, a significant interaction between longitude
and latitude occurred in the proportion of flower
heads damaged on tall thistle (Table 2), reflecting
variation among sites. No spatial patterns in
herbivory, i.e., in either number of heavily
damaged flower heads or average damage to heads
per plant, emerged for tall thistle
Total floral resources, related to individual
plant size, was the most important predictor of the
level of floral herbivory on both thistles (Fig. 5).
For bull thistle, total flower head resources per
plant explained 83% of the variation in number of
damaged flower heads per plant. For the
ecologically similar, native tall thistle, total flower
head resources per plant explained 92.7% of the
variation in damage. These results are consistent
with other recent studies suggesting floral resource
availability is the best predictor of both frequency
and magnitude of floral herbivory on thistles. For
example, flower head resource availability was the
most important parameter in predicting levels of
floral herbivory by an introduced biocontrol weevil
(Rhinocyllus conicus) on the native Platte thistle
(C. canescens) in Sand Hills prairie, both within
site (Russell and Louda 2004) and across its range
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in Nebraska (Rand and Louda 2006). Total floral
resources combined across co-occurring thistle
species also were important in explaining the use
of wavyleaf thistle (C. undulatum) by the weevil in
sand prairie (Russell and Louda 2005), similar to
the pattern observed here for bull thistle (Fig. 5E).
So, high levels of flowering by the native thistle
increases herbivory on bull thistle in this region.
Further, on the local scale, the closer bull thistle
was to native tall thistle, the greater the damage
imposed by floral herbivores (Fig. 5F). These data,
among the first on the frequency and intensity
herbivory on an exotic plant by native insects, are
consistent with the spillover hypothesis. The results
suggest that native floral-feeding insects from tall
thistle, most of which are thistle-specialists
(Takahashi 2006), are moving over onto nearby
bull thistles. Few other quantitative studies of
insect spillover from native to exotic plant species
exist; however, the results here are consistent with
evidence of spillover of biological control of weeds
agents from the targeted exotic plant onto nearby
native secondary host plants (Blossey et al. 2001,
Rand and Louda 2004). In summary, the data here
provide support for two key hypotheses regarding
invasive species. First, the results indicate
significant ecosystem resistance to invasive
population growth of the exotic, weedy bull thistle
is imposed by the native assemblage of herbivorous
insects from the co-occurring, taxonomically
related, ecologically similar native tall thistle.
Second, the data also provide quantitative evidence
of spillover by native insect floral herbivores from
a native plant species onto nearby individuals of a
related, potentially invasive exotic plant species.
MANAGEMENT IMPLICATIONS
Two main practical inferences emerge from this
study. First, current densities of bull thistle are very
low in lightly managed roadside habitat, suggesting
the recipient grassland community is resistant to
invasion by bull thistle in the absence of heavy
grazing. Thus, the best practice for management of
the grassland vegetation is to maintain cover.
Heavy grazing or frequent mowing would not be
recommended.
Second, a major component of community
resistance to bull thistle population growth is floral
herbivory by native thistle-feeding insects, moving
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from tall thistle. The native thistle is providing
natural enemies that retard population growth and
spread of bull thistle, suggesting that preservation
of the native thistle has an economic benefit. We
found floral herbivory was widespread and
common. Since previous studies have shown that
the seed loss caused by internal feeding on flower
heads associated with the levels of external
evidence of damage quantified here are significant
(Louda and Rand 2002), we infer that the floral
herbivory is contributing to bull thistle limitation
across the whole western tallgrass region. Thus,
conservation management of naturally-occurring
patches of the non-problematic native tall thistle is
recommended. Persistence of the native thistle will
ensure native insects are available to colonize and
feed on bull thistle, and limit its seed generation
probabilities.
We conclude that the evidence indicates that
the native tall thistle contributes significantly to
ecosystem resistance against invasiveness by bull
thistle by harboring pre-adapted specialist natural
enemies, and spillover feeding damage occurs.
Thus, a native, non-problematic thistle and its
adapted insect herbivores are providing a “silent”
economic benefit, a decrease in the weediness of a
known invasive weed. Perpetuating and nurturing
that resistance is recommended as a component of
thistle management.
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